Background and rationale The reinstatement model is widely used to study relapse to drug addiction. However, the model's validity is open to question. Objective We assess the reinstatement model in terms of criterion and construct validity. Research highlights and conclusions We find that the reinstatement model has adequate criterion validity in the broad sense of the term, as evidenced by the fact that reinstatement in laboratory animals is induced by conditions reported to provoke relapse in humans. The model's criterion validity in the narrower sense, as a medication screen, seems promising for relapse to heroin, nicotine, and alcohol. For relapse to cocaine, criterion validity has not yet been established primarily because clinical studies have examined medication's effects on reductions in cocaine intake rather than relapse during abstinence. The model's construct validity faces more substantial challenges and is yet to be established, but we argue that some of the criticisms of the model in this regard may have been overstated.
which is based on a classical-conditioning paradigm, CPP is induced by drug, extinguished, and then induced again by drug priming injections or stressors (Sanchez and Sorg 2001; Wang et al. 2006) .
In this review, we assess the CRITERION VALIDITY and CONSTRUCT VALIDITY of the reinstatement model, referring primarily to the literature on heroin, alcohol, and cocaine, as these are the drugs that have been most extensively tested in this model Shaham et al. 2003; Shalev et al. 2002) . We focus on reinstatement as a model of the overt behavior of relapse, although we also discuss the application of the model for the study of the subjective state of DRUG CRAVING. Table 1 provides a glossary of terms used in our review (CAPITAL LETTERS in the text). Before continuing with our assessment, we would like to point out that although two of the authors (Y.S. and Table 1 Glossary of terminology
Terms Meaning
Construct validity A term that refers to a similarity in the mechanisms underlying behavior in the model and behavior in the modeled condition. Criterion validity (often called predictive validity)
A term that refers to the extent to which laboratory-animal behavior induced by an experimental manipulation predicts human behavior induced by a similar event in the modeled condition. The concept is frequently narrowed, referring to a model's ability to identify drugs with potential therapeutic value in humans.
Drug craving
An affective state that can be induced in human drug users by exposure to the self-administered drug, drug-associated cues, or stress Sinha et al. 2000 ). An unresolved issue in the addiction field is the degree to which craving is associated with drug relapse. Drug relapse A term used to describe the resumption of drug-taking behavior during periods of self-imposed or forced abstinence in humans (Wikler 1973 ). Extinction
The decrease in the frequency or intensity of learned responses after the removal of the unconditioned stimulus (e.g., food, drug) that has reinforced the learning (Pavlov 1927; Skinner 1953) . In drug selfadministration studies, extinction of lever responding is typically performed in the presence of contextual cues previously associated with drug availability (i.e., houselight), and responding leads to contingent presentations of a discrete cue (e.g., light, tone) previously paired with drug injections. In studies on discrete-cue-induced reinstatement of drug seeking, extinction of lever (or nose poke) responding is performed in the absence of the drug and a discrete cue (e.g., tone, light) that was previously paired with each drug infusion during training (See 2002 ). In conditioned place preference studies, extinction typically involves exposing rats (or mice) to the previously drug-paired context in the drug-free state (Shalev et al. 2002) . Incubation of cocaine craving A hypothetical process inferred from the findings of time-dependent increases in cue-induced cocaine seeking after withdrawal from cocaine self-administration in rats Lu et al. 2004b ). Incubation of fear A hypothetical process inferred from the findings of time-dependent increases in behavioral (e.g, freezing) or physiological (e.g., galvanic skin responses, heart rate) measures of anxiety and stress following exposure to cues previously paired with an aversive stimulus (e.g., footshock) (Eysenck 1968; Yehuda and Antelman 1993) . Reinstatement
In the learning literature, reinstatement refers to the recovery of a learned response (e.g., lever-pressing behavior) that occurs when a subject is exposed noncontingently to the unconditioned stimulus (e.g., food) after extinction (Bouton and Swartzentruber 1991) . In studies of reinstatement of drug seeking, reinstatement typically refers to the resumption of drug seeking after extinction following exposure to drugs, drug cues, or stressors . Stress A complex psychological construct that, despite many years of research (Cannon 1935; Selye 1956) , has yet to be adequately operationally defined (Chrousos and Gold 1992; Cohen et al. 1982) . In the context of animal models of psychiatric disorders, stress can be defined broadly as forced exposure to events or conditions that are normally avoided (Piazza and Le Moal 1998) . In humans, the definition may be extended to incorporate cognitive and emotional responses-for example, "stress is a condition in which the environmental demands exceed the coping abilities of the individual" (Cohen et al. 1986 ). In laboratory animals, the precipitating events or conditions can be divided into two categories . The first category includes environmental events such as restraint, footshock, tail pinch, and defeat, events that are normally avoided by laboratory animals; also included in this category are "pharmacological stressors" (e.g., yohimbine; see text) that induce an avoidance response to an environment with which they have been paired. The second category includes food deprivation, social isolation, and maternal deprivation; each of these entails the removal of an environmental condition that is important for maintaining the animal's normal physiological and psychological steady-state conditions, a state that the subject will attempt to ameliorate by seeking food, conspecific partners, or the dam.
J.S.) have used the reinstatement model extensively in the past, the other two authors (D.H.E. and K.L.P.) are clinical researchers who have never used or plan to use the reinstatement model.
The criterion validity of the reinstatement model
Criterion validity: definition and importance CRITERION VALIDITY (often called predictive validity), in its full sense, refers to the extent to which laboratory-animal behavior induced by an experimental manipulation predicts human behavior induced by a similar event in the modeled condition (Cronbach and Meehl 1955; Geyer and Markou 1995; Russell 1964) . In the psychiatric literature, the concept is frequently narrowed, referring to a model's ability to identify drugs with potential therapeutic value in humans (Geyer and Markou 1995; Markou et al. 1993; Sarter and Bruno 2002; Willner 1984) . Some authors subdivide criterion validity into predictive, concurrent, and postdictive validity, depending on the temporal relationship between the predictor (i.e., findings in the model) and the external criterion (i.e., findings in the modeled condition) (Goldstein and Simpson 2002; Nunnally and Bernstein 1994) . For example, if behavior in a model of anxiety were shown to be responsive to diazepam-long established as a prototypical anxiolytic drug-then the model would be said to possess postdictive validity, having retrospectively "predicted" an already known phenomenon. Authors have argued that the term predictive can still be used in such cases and that the logic of validation remains the same for all three temporal (predictive, concurrent, postdictive) conditions (Nunnally and Bernstein 1994) . Nonetheless, we have chosen the term criterion validity over predictive validity to avoid the inadvertent implication that we are referring to the model's prediction of subsequent findings in humans. Authors have generally agreed that a model must demonstrate criterion validity, especially in the narrow sense, in order to be useful (Geyer and Markou 1995; Katz and Higgins 2003; Markou et al. 1993; Sarter and Bruno 2002) .
Assessment of criterion validity (full sense)
For the reinstatement model, criterion validity in the full sense is supported by the fact that reinstatement in laboratory animals (See 2002; Self and Nestler 1998; Shaham et al. 2003; Stewart 2000; Weiss 2005 ) is induced by conditions reported to provoke drug craving and relapse in humans: acute reexposure to the drug (de Wit 1996), drug-associated cues (Childress et al. 1993) , or STRESS (Sinha 2001) . The main caveat regarding this point, at least in the case of heroin, cocaine, and alcohol, concerns not the model itself, but the unproven nature of the assumption that these factors truly induce relapse in humans (Epstein and Preston 2003) . For these drugs, the idea that relapse results from acute exposure to drugs, drug cues, or stress during abstinence derives mostly from retrospective studies or from experimental manipulations of drug craving in a laboratory setting Jaffe et al. 1989; Sinha 2001 ). Selfreports of craving (at least those obtained in a laboratory setting) only modestly predict real-life relapse (Carter and Tiffany 1999; Tiffany and Conklin 2000) , and retrospective studies are subject to recall biases that limit interpretation (McKay et al. 2006) . For example, retrospective but not prospective self-reports of stress have been associated with relapse to cocaine or heroin use (Hall et al. 1990; Wasserman et al. 1998) . These findings could cast doubt on the clinical relevance of stress-induced reinstatement, but it is also possible that the time frame of the assessments was too long: stress levels were assessed only every several days. Shiffman and colleagues, who used electronic diaries and random prompting to assess relapse precipitants prospectively, reported that relapse was associated with increases in negative affect over a time course of hours (Shiffman and Waters 2004; Shiffman et al. 1996 ) (negative affect is not identical to stress, but the two are closely related; Kassel et al. 2003) . Using the same techniques, Shiffman and colleagues also found that relapse was associated with reallife exposure to smoking-associated cues (Shiffman and Waters 2004; Shiffman et al. 1996) . Finally, Shiffman and colleagues found that acute momentary exposure to nicotine (lapse) is positively associated with subsequent smoking relapse (Shiffman et al. 2006a) , suggesting that drugpriming-induced reinstatement in laboratory animals is potentially relevant to the human condition. However, it should be noted that in the human condition, lapse is a volitional act that is contingent on the individual's behavior, whereas in reinstatement studies, drug priming is given noncontingently by the experimenter (Stewart 2000) .
Criterion validity (full sense): conclusions
Retrospective clinical evidence suggests that stimuli used to induce reinstatement in laboratory animals, such as acute exposure to stress, drug cues, or reexposure to the selfadministered drug, are relevant to the study of drug relapse in humans. Prospective clinical evidence from real-time assessment of relapse precipitants in smokers further supports the relevance of the model in humans. We are not familiar with studies incorporating real-time assessment of relapse precipitants with heroin, cocaine, or alcohol (McKay et al. 2006) . If such studies support the assumption that drug relapse is caused by drug reexposure, cues, and stress, they will help confirm the criterion validity of the reinstatement model.
Assessment of criterion validity (narrow pharmacological sense)
Although most investigators in the addiction field probably agree that the reinstatement model has adequate criterion validity in the full sense, opinions differ concerning the model's criterion validity in the narrow sense-its ability to identify drugs with potential therapeutic value in humans (Katz and Higgins 2003; O'Brien and Gardner 2005a) . In discussing the potential evidence, it is important to note that clinical trials have very rarely been designed to assess relapse prevention in abstinent patients (Epstein and Preston 2003) . Instead, the most commonly targeted outcome is decreases in ongoing drug intake (Vocci and Ling 2005) . Thus, medication effects in most clinical trials may be more relevant for assessing the criterion validity of the drug self-administration procedure, a model widely used for assessing potential medications for drug addiction (Mello and Negus 1996) , than for assessing the criterion validity of the reinstatement model. With this caveat in mind, we assess evidence for and against the pharmacological criterion validity of the reinstatement model. For alcohol, unlike other drugs of abuse, clinical trials have been conducted specifically to test medications for relapse prevention in abstinent subjects. These trials have shown that the likelihood of relapse is modestly decreased by naltrexone (Latt et al. 2002; O'Malley et al. 1992; Streeton and Whelan 2001; Volpicelli et al. 1992) or acamprosate (Sass et al. 1996; Tempesta et al. 2000) . The same drugs also prevent drug-priming-and cue-induced reinstatement of alcohol seeking in rats (Bachteler et al. 2005; Ciccocioppo et al. 2003; Le et al. 1999) . Thus, in the case of alcohol, the criterion validity of the reinstatement model seems to have received some empirical support. Full comparison between the reinstatement studies and the clinical trials is hampered by the fact that the drugs were administered acutely in the reinstatement studies and chronically in the clinical trials. A question for future research is whether acamprosate and naltrexone would remain effective in the reinstatement model following chronic treatment.
For opiates, the evidence is suggestive, but more preliminary. Naltrexone decreases relapse to heroin use in abstinent opioid abusers who have completed detoxification (Comer et al. 2006; Krupitsky et al. 2004; Shufman et al. 1994 ) and decreases heroin-priming-induced reinstatement in rats . We are not familiar with studies specifically designed to assess the relapseprevention effectiveness of methadone or buprenorphine, approved medications for opiate addiction (Dole et al. 1966; Johnson et al. 2000) , but it is likely that relapse to heroin use is decreased by maintenance treatments with these drugs. Recently, Stewart and colleagues reported that methadone or buprenorphine prevents drug-priming-induced reinstatement of heroin seeking (Leri et al. 2004; Sorge et al. 2005) . These findings are particularly relevant in the context of the criterion validity of the reinstatement model because methadone or buprenorphine was given chronically via osmotic minipumps in an attempt to mimic the human condition of opiate maintenance (see also for similar results with heroin given via osmotic minipumps). Interestingly, stress-induced reinstatement was not prevented by acute administration of naltrexone or chronic administration of opioids (Leri et al. 2004; Sorge et al. 2005 ), a finding that may offer a clue to the variability in clinical outcomes with opioid treatments. Finally, there is preliminary evidence that lofexidine (an alpha-2 adrenoceptor agonist) may help prevent relapse to opiate abuse (Sinha et al. 2006) . The sample size in the study of Sinha and colleagues is small, but if the finding is replicated, it would represent a novel treatment inspired by (rather than postdictively identified in) the reinstatement model: lofexidine and the similar drug clonidine have been shown to attenuate footshock-induced reinstatement of heroin, cocaine, or speedball (heroin-cocaine combination) seeking (Erb et al. 2000; Highfield et al. 2001; Shaham et al. 2000b) . The lofexidine/speedball findings are particularly relevant to the human condition because lofexidine was given chronically before and during the tests for stressinduced reinstatement (Highfield et al. 2001) .
For nicotine, there is some early evidence of correspondence between results from the reinstatement model and results from a clinical trial. The cannabinoid CB1 antagonist rimonabant (SR141716A) has been tested for relapse prevention in abstinent smokers; the available results suggest that it is effective (Fagerström and Balfour 2006) . In rats, rimonabant administered acutely has been shown to attenuate cue-induced reinstatement of nicotine seeking (De Vries et al. 2005 ). Again, a question for future research is whether rimonabant would remain effective in the reinstatement model following chronic treatment.
For cocaine, the pharmacological criterion validity of the model is difficult to evaluate for two main reasons. First, despite decades of research, there are no effective medications for cocaine addiction (O'Brien and Gardner 2005b). Second, potential medications evaluated in the reinstatement model have not been tested in true relapse-prevention trials. Several of these potential medications, however, were tested in humans for their effect on cocaine intake or cocaine's subjective effects, but none has yet been shown effective. For example, fluoxetine attenuates cue-induced reinstatement of cocaine seeking in rats (Burmeister et al. 2003) , and SCH 31966 (ecopipam) attenuates priminginduced reinstatement of cocaine seeking in monkeys (Khroyan et al. 2000) and discriminative-cue-induced reinstatement of cocaine seeking in rats (Ciccocioppo et al. 2001) . In contrast, in clinical trials, fluoxetine had no effect on cocaine use (Grabowski et al. 1995) , and SCH 31966 had no effect on cocaine's subjective effect or cocaine selfadministration in laboratory settings (Haney et al. 2001; Nann-Vernotica et al. 2001 ; but see Romach et al. 1999 for different results). As mentioned above, however, we do not know the degree to which the criterion validity of the reinstatement model can be assessed in terms of results from human studies in which the dependent measure is ongoing drug intake (or subjective effects). In this regard, a large body of preclinical studies suggests that the neuronal mechanisms underlying reinstatement of cocaine seeking during forced abstinence differ from those that control ongoing cocaine self-administration (Kalivas and Volkow 2005; Shalev et al. 2002) . In addition, Shiffman et al. (2006b) recently provided the first evidence for differential efficacy of a medication on drug use vs relapse. They found that whereas a high-dose nicotine patch had a modest effect on ongoing smoking and initial lapses among those who achieved abstinence, the pharmacological treatment had a profound effect on the progression to relapse among those who had lapsed.
A general issue relevant to the criterion validity of the reinstatement model is the effects of drugs used in agonist maintenance therapy in humans on reinstatement in laboratory animals. At issue here is that drugs used in agonist therapy in humans such as nicotine (Rose 1996) , amphetamine (Grabowski et al. 2004) , or opiate agonists (Jaffe 1990 ) reliably reinstate drug seeking in rats (De Vries et al. 1998; de Wit and Stewart 1983; Shaham et al. 1997a) . Similarly, drugs such as methylphenidate (Schenk and Partridge 1999) or bromocriptine (Wise et al. 1990 ) induce cocaine seeking in the reinstatement model but have been used in clinical trials with cocaine abusers without evidence of increases in cocaine use (Gorelick and Wilkins 2006; Schubiner et al. 2002) . This seeming discrepancy between the human condition and the reinstatement model can be explained by the pharmacokinetics associated with the mode of drug delivery. For example, replacement therapy with opiates and nicotine typically involves steady-state levels of drug that are achieved, for example, via daily oral ingestion of methadone or continuous transdermal absorption of nicotine. These forms of nicotine and methadone are not prone to abuse. In reinstatement studies, nicotine, opiates, or psychostimulants are administered by acute injections via the intravenous, intraperitoneal, or subcutaneous routes (Shalev et al. 2002) , paralleling the rapiddelivery modes of administration that are associated with drug abuse (Jaffe 1990; Johanson and Fischman 1989) . Importantly, in several reinstatement studies in which opiate agonists were delivered chronically by osmotic minipumps, drug-priming-induced reinstatement was attenuated (Leri et al. 2004; Sorge et al. 2005) , as would have been expected from the results of the clinical studies. A question for future research is whether chronic delivery of nicotine or amphetamine via osmotic minipumps would similarly decrease nicotine or cocaine seeking, respectively, in the reinstatement model.
Criterion validity (narrow pharmacological sense): conclusions
Although the pharmacological criterion validity of the reinstatement model is far from established, the model appears promising in the cases of alcohol, heroin, and nicotine. Acamprosate or naltrexone decreases alcohol relapse in humans and attenuates reinstatement of alcohol seeking induced by drug priming or cues in rats. Naltrexone decreases relapse to heroin use in abstinent humans and attenuates reinstatement of heroin seeking induced by drug priming in rats. Methadone and buprenorphine decrease heroin-priming-induced reinstatement in rats when the route of delivery (slow-release minipumps) mimics the conditions of clinical maintenance. Rimonabant decreases cue-induced reinstatement of nicotine seeking and appears to decrease relapse in smokers. As for cocaine, it has not been established that the model provides a useful screen for relapse-prevention medications. This state of affairs, however, is to a large degree because potential medications identified in reinstatement studies have not yet been assessed in clinical trials designed to assess relapse prevention in abstinent humans. In addition, several seeming discrepancies between findings from reinstatement studies and clinical trials may be accounted for by the route and timing of drug delivery. Finally, as discussed above, to the degree that the neuronal mechanisms underlying ongoing drug self-administration are different from those mediating relapse vulnerability during abstinence (Kalivas and Volkow 2005) , discrepant results between reinstatement studies and clinical trials in which the main outcome measure is reduction in ongoing drug use intake should be interpreted with caution in the context of the model's pharmacological criterion validity.
The construct validity of the reinstatement model

Construct validity: definition and importance
The term construct validity refers to a similarity in the mechanisms underlying behavior in the model and behavior in the modeled condition (Kornetsky 1977; McKinney and Bunney 1969; Sarter and Bruno 2002) . There are differing opinions regarding its necessity. According to Geyer and Markou (1995) , "There are only two criteria that a model must satisfy to establish its value in basic neurobiological research: reliability and predictive (i.e., criterion) validity. The satisfaction of other criteria, such as construct or discriminant validity, may have heuristic value; however, it is not essential." In contrast, Sarter and Bruno (2002) argue that construct validity "represents the most important and a necessary component of the development and validation of an animal model in biological psychiatry." Like Russell (1964) , they warn that a model with criterion but not construct validity may identify the right medications "for the wrong reasons" and will fail to identify medications with novel mechanisms of action. We have discussed this concern in an earlier review (Epstein and Preston 2003) . Although we believe that construct validity is desirable, it is important to keep in mind that very few of the widely used animal models of psychiatric disorders meet criteria for construct validity (Geyer and Markou 1995; Willner 1984 Willner , 1997 . Nonetheless, we now address issues related to the construct validity of the reinstatement model. Rather than focus on findings with specific drug classes, we will frame our discussion in terms of general arguments against the model's construct validity.
Assessment
There are four main issues to consider in assessing the construct validity of the reinstatement model, and each issue concerns a lack of homology between the model and the human condition: (1) the drug-free state occurs for different reasons in the model than in humans; (2) the contingencies involved in drug-priming-induced and cueinduced reinstatement do not parallel those in human relapse; (3) stress-induced reinstatement relies mostly on footshock, which may not parallel the stressors encountered by humans; and (4) the time course of vulnerability to reinstatement of drug seeking is opposite that of relapse risk in humans. We address each of these issues in turn.
The drug-free state occurs for different reasons in the model than in humans In the reinstatement model, rats cease to self-administer drug for only one reason: it is no longer available. In contrast, quit attempts among human drug abusers typically result from choices made in a complex, multioperant environment in which the adverse consequences of ongoing drug use come to outweigh the reinforcing ones (Hughes 2002; Marlatt 1996) . This is the clearest departure of the model from the human condition, as is frequently noted. There are, however, several issues that should be considered in this regard.
First, some drug-dependent patients have undergone formal extinction procedures in the context of treatment, and in those patients, reinstatement of conditioned physiological responses to drug-associated stimuli has been readily observed (O'Brien et al. 1986) . What is unknown is whether the reinstated conditioned responses would have led to drug seeking in the patients' daily environments; there may be only a modest relationship between cue reactivity in the laboratory and relapse in the drug environment (Carter and Tiffany 1999) . In addition, extinction in humans may be fundamentally different from extinction in laboratory animals due to cognitive mediation of behavior in humans (Griffiths et al. 1980) . Even if the process of extinction is the same across species, the fact remains that the extinction procedure was not the reason for abstinence in these patients; motivational factors had preceded it.
The second issue to consider is that homology in terms of motivational factors may be too much to ask. Ethnographic data suggest that cocaine abusers reassert control due largely to socially mediated contingencies that can be characterized as threats to the abusers' "stake in conventional life" (Waldorf et al. 1992) . We know of no attempts to model socially mediated contingencies in the context of any behavioral model of addiction, and we consider it unlikely that laboratory animals can learn to change their drug self-administration behavior in order to avoid distal adverse social consequences. This problem is not unique to the reinstatement model; it would apply to any animal model of addiction.
A third issue, less difficult to resolve, is whether the extinction operation has specific effects on subsequent responses to drug priming, cues, or stress effects different even from those of forced abstinence. Extinction is an active learning process (Bouton 1993) , and there is evidence that extinction of lever responding can alter brain neuroadaptations induced by prior exposure to cocaine selfadministration (Self et al. 2004) . In this regard, Fuchs et al. (2006) argued that the neuroanatomical substrates of cueinduced reinstatement to cocaine seeking in rats seem to depend on whether the means of cessation was explicit extinction training or removal from the drug self-administration environment. Muscimol+baclofen inactivation of the dorsolateral caudate-putamen but not the basolateral amygdala or the dorsal prefrontal cortex decreased nonreinforced lever responding in an extinction test in rats that had been removed from the self-administration environment for 2 weeks without having undergone extinction of lever responding during the forced-abstinence period. In rats that had undergone extinction, muscimol+baclofen inactivation of the dorsolateral caudate-putamen attenuated both discrete-cue-induced and contextual-cue-induced reinstatement, extending a previous finding (Vanderschuren et al. 2005) . None of the rats that had undergone extinction of lever responding were given muscimol+baclofen inactiva-tion of the basolateral amygdala or dorsal prefrontal cortex. Instead, citing historical data in which inactivation of those regions had attenuated discrete-cue-induced or contextinduced reinstatement (See 2005) , Fuchs et al. concluded that "different neuronal substrates mediate cocaine seeking after abstinence vs extinction" (paper title).
However, the historical data involved regional inactivation with tetrodotoxin, not muscimol+baclofen. The use of different site-specific inactivation methods, however, can lead to different conclusions concerning the role of a given brain structure in reinstatement and behavior in general . Particularly relevant here are previous findings from See and colleagues: although discrete-cueinduced reinstatement of cocaine seeking is not blocked by tetrodotoxin inactivation of the accumbens (with injections primarily aimed at the core) , it is blocked by muscimol+baclofen inactivation of the accumbens core (Fuchs et al. 2004 ). Thus, in the absence of the appropriate positive controls with muscimol+baclofen inactivation of the dorsal prefrontal cortex and basolateral amygdala for cue-induced reinstatement, it is premature to infer dissociation in the neuronal mechanisms underlying cue-induced drug seeking after abstinence vs extinction.
A fourth issue is that even if the dissociation were to be demonstrated, it would not address the crux of the validity question, which is not the difference between operant extinction and passive abstinence, but rather the difference between abstinence that is chosen and abstinence that is imposed entirely by uncontrollable circumstances. This question remains open and important. In terms of the human condition, enforced abstinence, although occurring less often, is not rare or irrelevant; it may accompany imprisonment or hospitalization and is likely to be followed by relapse, even after long periods of time (Vaillant 1988) . We know of no evidence that such relapse is functionally, mechanistically, or behaviorally different from the relapse that follows volitional abstinence. In terms of modeling, there is now preliminary evidence that resumption of drug seeking occurs after drug priming and cues when drug seeking has been suppressed by means other than extinction. Based on earlier work (Smith and Davis 1974), Panlilio et al. (2003 Panlilio et al. ( , 2005 suppressed ongoing drug selfadministration through punishment (shock delivery contingent on lever pressing). They found that in rats that have undergone this punishment procedure, opiate (remifentanil) seeking resumed after a priming injection of heroin. Similarly, Katzir et al. (2006) assessed resumption of cocaine-seeking rats using a conflict procedure based on early work of Warden and colleagues (Jenkins et al. 1926; Warden 1931) . After cocaine self-administration was eliminated by electrification of the grid near the lever, noncontingent exposure to cocaine-priming injections or noncontingent exposure to a discrete tone-light cue led to resumption of lever responding. A question for future research is whether resumption of operant responding in these punishment and conflict models involves different neurobiological mechanisms from those that underlie reinstatement of responding after extinction.
The contingencies involved in drug-priming-induced and cue-induced reinstatement do not parallel those in human relapse
The issue here is that during tests for reinstatement in laboratory animals, the drug priming injections are given noncontingently (de Wit and Stewart 1981) , and exposure to discrete drug cues is contingent on the animal's operant behavior (See 2002) . In contrast, relapse episodes in humans typically involve contingent exposure to drugs or noncontingent exposure to drug-related cues (Everitt and Robbins 2000; Markou et al. 1999; Marlatt 1996 Marlatt , 2002 .
It is true that noncontingent priming is not identical to the self-initiated "lapse" (Shiffman 2005) it is intended to model (see above). However, in a variation of the reinstatement model, heroin seeking has now been shown to be reinitiated by acute exposure to the self-administered drug (Leri and Stewart 2002) . With regard to cues, reported that resumption of lever responding after extinction occurs only with contingent exposure to a discrete 5-s tone-light cue that was previously paired with each cocaine infusion during training. However, in other variations of the reinstatement model, robust reinstatement of drug seeking was reported following noncontingent exposure to discriminative (McFarland and Ettenberg 1997; Weiss et al. 2000) or contextual cues (Bossert et al. , 2006 Crombag and Shaham 2002) .
Stress-induced reinstatement relies mostly on footshock, which may not parallel the stressors encountered by humans At issue here is that there is no human equivalent to intermittent footshock, the stressor most commonly used in reinstatement studies Shaham et al. 2000a ). Furthermore, not all stressors can induce reinstatement (Shalev et al. 2002) , and footshock itself is not effective outside the environment in which drug self-administration occurred (Shalev et al. 2000) or outside a restricted range of shock intensity . Another commonly used laboratory stressor is food deprivation (Dallman et al. 1999) , which also reinstates drug seeking (Carroll 1985; Shalev et al. 2001b Shalev et al. , 2006 ; this, too, is effective only under specific deprivation parameters (Highfield et al. 2002; Shalev et al. 2000) and experimental conditions (Carroll 1985) . It is also unlikely that food deprivation is a major precipitant of human drug relapse, at least in Western societies.
In dealing with the generality of the findings of footshock-induced reinstatement, two main issues should be considered. The first issue is that there is now evidence that reinstatement in rats can be induced by other stressors. One approach has been to move "downstream," directly inducing some physiological components of a stress response by administering a drug that induces stress-like responses in humans. For example, the alpha-2 adrenoceptor antagonist yohimbine, which induces stress-like symptoms in both humans and laboratory animals (Bremner et al. 1996a,b) , reliably reinstates drug seeking in both rats and monkeys Lee et al. 2004; Shepard et al. 2004) . Similarly, the stress neurohormone corticotrophinreleasing factor (CRF) reinstates drug seeking after ventricular or site-specific brain injections (Erb and Stewart 1999; Erb et al. 2006; Le et al. 2002; Shaham et al. 1997b; Wang et al. 2005) . Another approach has been to move "upstream"; for example, Ribeiro Do Couto et al. (2006) reported that social-defeat stress-regarded as an ethologically valid stressor (Miczek et al. 1991 (Miczek et al. , 2002 )-reinstates CPP for morphine in mice at least as effectively as do common laboratory stressors such as tail pinch and restraint. In rats, Funk et al. (2005) reported that although social-defeat experience does not reinstate alcohol seeking, an odor cue paired with the defeat experience modestly reinstates this seeking.
The second issue is that the addiction field is not the only psychiatric discipline in which footshock stress has been used for research. In fact, the use of footshock stress helped enable many of the major breakthroughs over the last several decades in the understanding of the neurobiological, cognitive, and behavioral substrates of anxiety and depression; footshock was the stressor used in procedures such as conditioned fear, fear-potentiated startle, and learned helplessness (Davis et al. 2006; LeDoux 2000; Maier and Watkins 2005) . One cautionary note is that the intensity of footshock in studies on footshock-induced reinstatement of drug seeking is typically lower than those used in animal models of depression, fear, and anxiety (in which the shock parameters used result in freezing behavior). In our view, based on the past history of the successful use of the footshock stressor in other psychiatric fields, it may be premature to dismiss findings from studies of footshock-stress-induced reinstatement on the basis of there being no clear human analog for this manipulation.
The time course of vulnerability to reinstatement is opposite to that of relapse risk in humans Another potential departure of the reinstatement model from the human condition is that the magnitude of the reinstatement response induced by drug priming (Lu et al. 2004a; Tran-Nguyen et al. 1998) , footshock stress (Shalev et al. 2001a) , and discrete cues does not decrease over time, as would have been predicted from the clinical literature that seems to show that the risk for relapse decreases as abstinence lengthens (Gilpin et al. 1997; Gossop et al. 1990; Higgins et al. 2000; McKay et al. 2001) . In fact, in the case of cocaine cues, reinstatement responding increases over the first 2 months of withdrawal from the drug, a phenomenon termed INCUBATION OF COCAINE CRAVING Lu et al. 2004b ). This incubation phenomenon is not limited to the reinstatement model; it is readily observed when rats are tested for the first time at different withdrawal periods in extinction in the presence of the drug-associated cues (Lu et al. 2004a or in a procedure in which cues associated with cocaine, heroin, or sucrose are used as conditioned reinforcers for the acquisition of a new instrumental response (Di Ciano and Everitt 2004) . Nevertheless, because incubation was first demonstrated in studies using the reinstatement model, we discuss below this phenomenon and its relevance to human relapse.
The main methodological factor to consider in discussing incubation's potential role in relapse is that when a human drug addict relapses, there is no way to determine whether his or her vulnerability to relapse would have continued to increase beyond the time point when the relapse actually occurred; a survival curve would not show it. We attempt to illustrate this idea in Fig. 1 , a hypothetical depiction of three factors that might contribute to the rate of relapse: two risk factors (acute withdrawal and cue reactivity) and one protective factor (reflecting the finding that initial success in abstinence predicts long-term success; Higgins et al. 2000; Lussier et al. 2005) . The top panel of Fig. 1 shows the time course of each factor separately, and the bottom panel shows the individual and the combined effects of the factors, expressed as percentage of users remaining abstinent. Thus, susceptibility to relapse due to withdrawal peaks within days of cessation, reflecting an early, sharp rise in withdrawal symptoms. Susceptibility to relapse due to cue reactivity rises gradually over a period of weeks or months (this is the hypothesized incubation effect) and eventually flattens again. In contrast, relapse susceptibility decreases as a function of duration of successful abstinence. The actual rate of relapse results from the combined effects of all three factors; we show this as a solid black line whose shape corresponds to empirically observed relapse curves for heroin, alcohol, and tobacco (Hunt et al. 1971 ).
This figure is an oversimplification, omitting unknown risk factors and protective factors. However, an even greater oversimplification may be to conclude that the risk of relapse decreases as the duration of abstinence increases.
As Fig. 1 illustrates, real data on relapse rates may be compatible with the existence of the incubating risk factor originally suggested by reinstatement studies.
The existence of an incubating risk factor in humans is tentatively supported by studies of the time course of symptomatology during drug use cessation. For example, out of 337 patients in a smoking cessation study, 130 (39%) reported an increase in smoking urge and negative affect toward the end of the 50-day study period, well beyond the typical duration of the acute abstinence syndrome (Piasecki et al. 1998) . We speculate that some of these late-emerging "withdrawal" symptoms reflect incubation of reactivity to smoking cues. Similarly, in cocaine-dependent patients, Kosten et al. (2005) found a "build-up" of abstinence symptomatology from weeks 2-5 of abstinence; relapse itself peaked during week 6.
One apparently contradictory finding is that, when smokers were randomized to 1, 7, or 14 days of paid abstinence followed by a cigarette self-administration session, smoking was chosen less frequently by the 14-day abstainers than by the 7-or 1-day abstainers, despite the absence of any group difference in nicotine-withdrawal symptoms on the test day (Lussier et al. 2005) . It seems clear that no incubation was detected in this study. One possible explanation is that incubation in humans requires more time to emerge (as is suggested by the findings of Piasecki et al. 1998 ). Another Fig. 1 Hypothetical depiction of the contribution of relapse and abstinence factors to an observed relapse survival curve. a Time course of strength of three factors hypothesized to influence relapse: physiological withdrawal (dashed line; early onset and offset), cue reactivity (dotted line; gradual onset and offset), and an abstinence protective factor (dotted-dashed line; gradual increase over time). b Relapse survival curve (percentage abstinent): relapse due to each of two factors (physiological withdrawal, dashed line; cue reactivity, dotted line) was calculated for each time point by subtracting a constant proportion of the factor's strength (shown above in a) from 100. The observed relapse survival curve (solid black line) was then calculated by adding relapse due to physiological withdrawal and cue reactivity, subtracting the abstinence protective factor (dotted-dashed line) and subtracting the result from 100 possible explanation is that the smokers, who had expressed no interest in long-term quitting at study intake, became more interested in maintaining their paid abstinent status as they achieved longer periods of success. This would have differentially affected behavior in the group randomized to 14-day abstinence. Future studies could incorporate repeated assessments of "interest in quitting" in order to explore this potential alternative interpretation of the data of Lussier et al.
Finally, it is interesting to note that a seemingly similar "discrepancy" exists between preclinical and clinical research in the context of the well-established phenomenon of INCU-BATION OF FEAR (Bindra and Cameron 1953; Brady 1951; Diven 1937; Eysenck 1968) : relapse rates to anxiety-related disorders are lower with increasing duration of the patients' symptom-free periods (Yonkers et al. 2003) , yet it has been demonstrated in both laboratory animals and humans that the responsiveness to anxiety-or stress-provoking stimuli can increase over time (Antelman et al. 2000; Davidson et al. 2004; Houston et al. 1999; Yehuda and Antelman 1993) . In anxiety research, fear incubation is viewed as one of the basic mechanisms underlying anxiety-related disorders (Davidson et al. 2004; McFarlane 2000) , and the different time courses of relapse rates and responsiveness to anxiety provoking stimuli are not considered to be necessarily contradictory. Rather, these different time courses may be due in part to the fact that in clinical studies, subjects are not randomly assigned to different symptom-free periods.
Reinstatement and craving
A final issue related to the construct validity of the reinstatement model is the model's relevance to the study of drug craving. It has been suggested, by us and by others, that the model could be used to study the neuronal mechanisms underlying drug craving O'Brien 2005) . However, craving is a problematic construct in the context of drug relapse. In humans, craving may not be the primary mediator of relapse (Tiffany and Carter 1998 ) (this issue can be assessed empirically in studies using real-time, in-thefield assessment that, to our knowledge, have yet to be performed). In laboratory animals, craving cannot be directly assessed; it can only be inferred. The issues inherent in the concept of craving (or other motivational constructs related to addiction that can only be inferred from overt behavior but not directly measured, e.g., expectancy, impulsivity) and its measurement do not threaten the construct validity of the reinstatement model. Reinstatement clearly models overt drug-seeking behavior, so its utility and validity in that regard do not require a causal chain that includes craving. If, however, a causal chain were shown to exist between craving and relapse in the drug user's daily environmentand if human laboratory findings were shown to predict vulnerability to this type of relapse-another line of evidence could be adduced to address the construct validity of the reinstatement model: the correspondence between the neuroanatomical substrates of reinstatement and the neuroanatomical correlates of human craving.
For example, activation of Fos (the protein product of the immediate early gene c-fos, a marker of neuronal activity; Curran and Morgan 1995) has been studied in cue-induced reinstatement of alcohol and cocaine seeking (Ciccocioppo et al. 2001; Neisewander et al. 2000) ; cue-induced reinstatement of cocaine seeking has also been studied electrophysiologically (Rebec and Sun 2005) . Consistently, activated brain areas in these reinstatement studies include portions of prefrontal cortex, insular cortex, and the amygdala-brain areas also implicated in cue-induced craving for cocaine or alcohol in human neuroimaging studies (Childress et al. 1999; Garavan et al. 2000; Grant et al. 1996; Kilts et al. 2001; Maas et al. 1998; Wexler et al. 2001 ). These anatomical homologies may be somewhat crude, but they merit continued investigation. Another possible homology, at the behavioral level, is that reinstatement of cocaine seeking is attenuated by systemic injections of N-acetylcysteine that result in tonic increases in accumbens glutamate levels in rats (Baker et al. 2003) ; preliminary results suggest that the same drug attenuates cocaine craving in addicted humans (LaRowe et al. 2006) . Again, the relevance of this work to the reinstatement model depends on the relevance of craving to relapse and on the ecological relevance of human laboratory findings-all unknown.
Construct validity: conclusions
The construct validity of the reinstatement model has not yet been established. In some cases, this is because data on the relevant clinical phenomena are sparse or nonexistent (e.g., assessment of relapse vulnerability after noncontingent exposure to a priming dose of drug during abstinence, or in subjects randomly assigned to different abstinence periods). Although there is reasonable homology between reinstatement-associated brain activation in rats and craving-associated brain activation in a human laboratory setting, it has not been established that craving plays a causal role in relapse in drug users' daily environments, so the relevance of the neuroanatomical homology is unknown. Finally, we would like to emphasize that uncertain construct validity is not unique to the reinstatement model; it is inevitable for any model of a psychiatric disorder with unknown etiology (Geyer and Markou 1995; Willner 1984) .
Future prospects
The criterion validity of the reinstatement model will be judged on the basis of results of two types of future clinical work: natural history studies designed to differentiate subtypes of relapse and to examine evidence for a causal role of situational craving in human relapse (Shiffman 2005; Shiffman et al. 1997) , and medication trials in which the main outcome is relapse probability after a period of abstinence.
The construct validity of the reinstatement model-or at least the most contentious aspect of it-will be judged on the basis of findings from alternative models of relapse, models that eschew extinction in favor of other ways of suppressing self-administration of drug. In the strictest sense, such models cannot be called variants or extensions of the reinstatement model, because the original meaning of the term reinstatement explicitly incorporates the idea that a reinstated behavior is one that has been previously extinguished (Bouton and Swartzentruber 1991) . As mentioned above, results from the reinstatement model generalize to the newer punishment and conflict models, at least in the case of drug priming and cues. These new models can be used to study the generality of findings obtained from the reinstatement model and for exploring human relapse precipitants that are not readily manifested in this model. For example, Panlilio et al. (2005) reported that the anxiolytic drug lorazepam, which does not reinstate extinguished opiate seeking in the reinstatement model, induces resumption of lever responding in the punishment model. This finding may have clinical relevance because in cocaine-dependent humans, abuse of sedative/hypnotic drugs is associated with relapse to cocaine (McKay et al. 1999) .
Another area in need of exploration is the assessment of relapse to drug seeking in a choice procedure in which nondrug rewards are available. To date, cocaine-priminginduced resumption of drug seeking in a choice situation has been studied only on test days interspersed with days of ongoing self-administration (Gasior et al. 2004) .
Finally, as data from imaging studies suggest that similar neuronal mechanisms are involved in reinstatement of drug seeking in laboratory animals and craving in humans (Kalivas and Volkow 2005) , a critical issue for the validation of the construct validity of the reinstatement model is the degree to which craving induced by drug, cues, and stress in the drug environment is related to drug relapse.
